Introduction
The free energy functional for a static state of a confined nematics influenced by electric and magnetic fields can be written [1] [2] [3] [4] [5] in the form 
depending only on the director field n and its first derivative (i.e., gradient with respect to spatial variables) [1] [2] [3] [4] [5] .
The density of energy of interaction with static electric or magnetic field
depends only on the director field n and the external field D or B via linear relationships between n, E, D or n, H, B [1] [2] [3] [4] [5] [6] [7] . The director is the macroscopic unit dimensionless vector field representing a locally averaged direction of elongated nematics molecules. The up-to-date questions that remain still only partly resolved [1] [2] [3] [4] [5] are how to describe the boundary conditions with the free energy density of the nematics-substrate interaction f S and whether or not to take into account the surface-like terms (depending also on the second derivative of the director) [1] [2] [3] [4] [5] with the saddle-bend and the splay-bend elastic constants K 24 and
These two questions are commented in this work on the basis of the boundary conditions providing quantitative description of experimental results.
directions (Ox and Oy), with the plane boundaries (z = 0 and z = d) perpendicular to Oz axis. If static external field vectors and anchoring direction are all in the same plane, then the stationary states of such a layer have the form of planar deformations and can be fully characterised by the tilt angle J between the director and Ox axis, as further in this work, e.g., in one-dimensional approximation J = J(z), n(z) = [cosJ(z),0,sinJ(z)], E(z) = [0,0,E(z)], and B(z) = (B siny,0,B cosy) (where y is the angle between magnetic field direction and Oz axis). The total free energy F of a planar strain state per a unit layer surface area may be represented as a functional depending on J and ¢ J
The left-hand-side of each of these equations can be interpreted as a torque density. Particularly, the two last equations can be interpreted as conditions for the balance of a torque induced by the nematics-substrate interaction, e.g., t J J J
, with a torque from the deformed bulk induced by external fields computed with using the first equation,
. Hence, they can be interpreted as boundary conditions of the form J( ) ( ) 0 = Q T b with the function Q describing the nematics-substrate coupling
. Only the case of symmetric boundary conditions, when f f f s = = Concerning the free energy of Eq. (1) with surface-like elastic terms of Eq. (5) one obtains
where the unit vectors of the external normal at the boundaries are used like in Eq. (5), k = ( , , ) 0 01 e.g., at the plane z = d. The term with K 24 in f AS of Eq. (5) disappears for planar deformations [1] [2] [3] [4] [5] . The Euler-Lagrange equation for this functional cannot be constructed in the form similar to Eq. (7) [2, 4] . Possible influence of the term f AS on F of Eq. (8) is discussed further.
The tilt J( ) z angle minimising Eq. (6) should satisfy the following equations [6, 7] ( cos sin ) ( ) sin cos 
were e e is the effective electric permittivity of the deformed nematics layer, e e e a = -| 
. (10) The boundary function Q ( ) T b should be non-decreasing for planar cells (with the small anchoring angle J 0 ) and in this work it is modelled by a first-order polynomial
or a cubic spline.
Determination of nematics parameters from optical retardation measurement
The dependence of the phase shift j j y = ( ; ; ) U B between ordinary and extraordinary rays of light transmitted through a flat cell on nematics deformation [9, 10] 
by using numerical optimisation procedures [6, 7] .
3. Experiment and computations
Experiment
Two wedge nematic cells were made of glass plates (of size 22×35 mm), coated with indium-tin oxide electrodes and orienting layer of poly(amic acid) PM9 or MP2 [8] , and filled with 4'-pentyl-4-cyanobiphenyl (5CB). The plates were glued without a spacer along one edge and with a spacer (of a thickness about 200 µm) along the other. The orientation of the nematics molecules enforced by rubbed substrates was parallel to the plates and to the wedge edge. Each cell was investigated in a thermostatic stage between the polariser and analyser crossed in the measurement system, consisting of a He-Ne laser and a microscope with a photodetector, and between pole pieces of an electromagnet. In a normally incident coherent light, a system of interference fringes appeared that corresponds to phase shifts between the ordinary and extraordinary light rays
, where j is the order of the interference minimum, d is the corresponding cell thickness, and ë is the light wavelength. In the small neighbourhood of each fringe position, a wedge cell can be treated as the planar one due to a very small wedge angle. The intensity of normally incident light transmitted through the cell birefringence system in the positions of selected interference fringes as a function of a voltage (sine-wave with frequency of 1.5 kHz) or a static magnetic field B perpendicular to the cell boundaries (y = 0) was recorded for 8 th to 13 th interference fringes (corresponding to the cell thicknesses 27.6-44.9 µm) in the 5CB-PM9 cell (at 22.3°C) and for 6 th to 11 th fringes (20.9-38.2 µm) in the 5CB-MP2 cell (at 22.7°C). The temperature was stabilised with the accuracy within 0.2°C. The driving external force was changed during measurements so slowly that all deformation states could be considered as static ones caused by static external fields. After determining the optical retardation (as illustrated in Figs. 1 and 2 ), the sets of pairs ( , ) B j or ( , ) U j were the input data for determining the sought values of material parameters as solutions to the corresponding inverse problems. In such experiment, each wedge cell was equivalent to a system of planar cells of different thicknesses.
Nematics parameters and anchoring characteristics
The material constants of 5CB at the temperature 22.3°C were the following e || . = 1910, e^= 6 48 . , n o = 15381 . , and n e = 17215 .
(determined from separate measurements), The dependence of the boundary tilt angle on the torque density was found as being a linear function for the 5CB-PM9 system or a non-decreasing function (modelled by a cubic spline) for the 5CB-MP2 system (Fig. 3) 
Conclusions
Accurate determination of the boundary condition, like presented here, enables us to describe planar deformation states of a nematics layer quantitatively and precisely. The boundary free energy functional depending only on the boundary values of a tilt angle and not on its derivative is sufficient for characterising nematics-substrates interaction adequately and for simulating the optical retardation or electric capacity of flat nematics cells precisely.
In computations, it is more convenient to use the inverse function describing the dependence of the boundary values of the tilt angle on the torque transmitted to the boundary from the bulk. This function is frequently linear for small differences of the boundary values of the tilt angle and the anchoring angle. For larger values of this difference, the anchoring becomes strong, like in the 5CB-MP2 system considered here. In a linear approximation, the case of strong anchoring can be treated as corresponding to the large (but not necessarily infinite) polar anchoring energy × p rad. Fig. 3 . Director boundary value as a function of torque density
, describing approximately the coupling between the nematics 5CB and the substrate of each cell, linear for the 5CB-PM9 system and non-decreasing for the 5CB-MP2 system (linear for J( ) 0 60 < mrad).
W » 10 4 µJm -2 or more, to avoid the inconvenience in deriving the Euler-Lagrange Eq. (7) for free energy of Eq. (6) . Under the assumption of K 13 4 = pN (the value close to K 11 6 46 = . pN, K 33 8 85 = . pN), the elastic free energy densities from nematics-substrate interaction f S and from surface-like elasticity f AS were of the same order (as in Table 1) and both ones would contribute significantly to the free energy of Eq. (8) . Due to a good agreement of the simulated and measured cell optical characteristics achieved with accounting only f S , there is no reason to take into account the term f AS . Thus, it may be neglected ( f AS » 0) and consequently K 13 0 = should be assumed. Nevertheless, the surface-like terms are suggested to influence significantly deformation states of director field in cells of small thickness (of the order of 1 µm, Refs. 1-5), this question will be addressed in further investigations. 
